The effect of multiple
The relationship between the cracking data, i.e., total crack length and maximum crack length of base metal HAZ and weld metal HAZ and augmented strain, after three thermal cycles, is illustrated in Figure 4 . In both the weld metal HAZ and base metal HAZ, the total crack length increases with increasing augmented strain. The total crack length in the weld metal HAZ is larger than that in the base metal HAZ in each thermal cycle. The magnitude of augmented strain has a slight influence on the maximum crack length of both the weld metal HAZ and base metal HAZ. A similar trend can be seen from the results obtained for the "SOB" tested specimens after one and two thermal cycles. The total crack length of weld metal HAZ increases with increases in the number of thermal cycles, which indicates that multiple thermal cycling reduces the hot cracking resistance of weld metal HAZ. The increment of total crack length reached 40% when 2% augmented strain was used, and 30% increment with 3% strain as the number of thermal cycles increases from one to three.
Metallographic Observations
After SOB testing, selected sections of tested samples were cut and mounted for metallographic observation. Figure 6 (a) illustrates the general appearance of the SOB tested sample, revealing a fusion zone with epitaxial solidification, and both the HAZ region of base metal (BM) and of the weld metal (WM) with different structures. The base metal HAZ cracking is presented in Figure 6 (b) at higher magnification.
The cracking is intergranular in nature and propagates along the grain boundaries of the base metal HAZ. Some healing reaction may be initiated from the fusion zone (FZ), across the mixed zone (MZ), backfilling the HAZ cracking. In order to clarify the microstructure of HAZs, a polished and etched transverse specimen bent by 3% augmented strain with one thermal cycle was investigated with the scanning electron microscope. Figure  7 shows clustering of niobium carbides in a HAZ crack. The wide crack region reveals that cracking was opened in a semi-liquated condition to accommodate the clustering carbides.
In the weld metal HAZ, the predominant constituent is Laves phase, as shown in Figure 7(b) .
The Laves phase is the terminal solidified constituent of predeposited weld metal, which is remelted by subsequent thermal cycles, and then resolidified as lamellar, eutectic Laves/gamma constituent or blocky Laves phase. Utilizing the Versatile Varestraint test, the specimen is bent under strain which initiates hot cracks at the solid-liquid interface, which then propagate radially outward, along the grain boundaries of the predeposited weld metal and base metal.
When the artificial cracks open, liquid metal from the molten weld pool, in advance of the solid-liquid interface, may be immediately drawn into the cracks by capillary action. This process, which has been termed "backfilling" or "healing", is under investigation using SOB test specimens.
Of primary concern is the region near the intersection of the spot weld puddle and the longitudinal weld bead. In this region, backfilling of both HAZ cracks is easier to see, owing to the relative lower stress level. 
Fractographic Examination
In order to reveal the crack morphology, several specimens with different conditions were sectioned and cracks were opened up. Figure 9( 
